The study site was located on the Kalampangan Canal in Palangkaraya, Central Kalimantan, Indonesia (220'S, 1142'E). The mean annual temperature recorded at a meteorological center in Palangkaraya Airport was 26-28°C between 1996 and 1999. The mean annual temperature and precipitation at this study site in 2002 were 26. re and 1856 mm respectively (Takashi Hirano, unpublished data). The warmth index was approximately 260 to 270 (Kira, 1977) . In this area, approximately 4 m thickness of peat soil layer was accumulated.
The canal bank was 2 m height above ground level and 10 m wide at the top ( Figure 1 ) and was dug from peat soil in 1995. Isolated trees, shrubs, herbs and ferns established on the canal bank in 2000. The vegetation on the canal bank seemed to be regenerated after the construction of the bank. Two 10 x 50-m plots were established on the Kalampangan Canal
II. MATERIALS AND METHODS
commercially valuable forest (Kobayashi, 1994; Kobayashi et al., 1996) . Therefore, it is necessary to accelerate rehabilitation following disturbance. However, in the tropical peat swamps of Central Kalimantan, no techniques of afforestation have been developed to date.
Commercially expensive and ecologically important tree species are generally valuable for afforestation. In this point of view, dipterocarps are among the candidate plants for afforestation. However, it may be difficult to plant these trees in open areas, because many dipterocarps require adequate shading during early growth (intolerant) and need to be planted underneath other trees to become established.
One technique for the afforestation of intolerant trees is the preceding planting method of site preparation (Sasaki and Asakawa, 1994) . In this technique a canopy of fast-growing trees that tolerate open conditions is established prior to the planting of tolerant species. In Central Kalimantan, the ecological and physiological characteristics of trees, e.g., pioneer or late-successional, tolerant or intolerant, have not been classified. Thus, it is necessary to identify fast-growing tree species that can tolerate open and dry conditions. These species should be native to the area in order to avoid a disturbance in biodiversity (Sugandhy, 1997) .
The aim of this study was to select several tree species which were suitable for preceding planting in an open and drained peatlands of Central Kalimantan. For immediate screening and without a large-scale experiment, it was focused on naturally regenerating tree species in an open area on a canal bank which was mound made of peat soil. The condition of this bank seemed providing opportunities for seedling establishment. There were sufficient nutrients available, but fairly stressful, based on the intensive radiation, drought and high soil temperatures found there. Also, there were similarities to those found in drained, burned and degraded peat swamp forest. It was possible that the trees regenerating on the canal bank could tolerate open and dry peatlands and that they had potential to be used for site preparation of preceding planting method. In this study, to confirm that the conditions of the canal bank were stressful, soil moisture and temperature were measured and compared to those of a forest. To aid the selection of some fast-growing tree species that were tolerant open and dry peatland conditions, the species that regenerated naturally on the canal bank were noted and the recruit, survivorship and height growth were investigated. The possibility The top of canal bank was exposed to intensive radiation in daytime. The soil temperature at the depth of 5 cm was 31.4±1.8°C in plot I and 31.0±1.2°C in Plot II at 10:00 am, as compared to 27.4±0.7°C on the forest floor of a natural forest (Scheffe,p < 0.001, Table 1 ). At 14:00, soil temperature at the depth of 5 cm was 34.0±1.0°C in plot I and 33.8±1.5°C in Plot II, as compared to 30.1±0.8°C on the forest floor of the natural forest (Scheffe,p < 0.001, Table 1 ). At a depth of 0.5 cm, soil temperature on the canal bank reached up to >60°C under sunny conditions during mid-day. The volumetric soil moisture content at a depth of 0-10 cm was 17.0±2.9% in Plot I and 17.6±3.0% in Plot II, whereas on the.forest floor it was 33.2::!t2.6% (Scheffe,p < 0.001, Table 1 ). Soil temperature and soil moisture in the experimental plots as well as in a natural peat swamp forest near the plots were measured. Measurements were conducted around noon on a sunny day in October 2000 and November 2002. Soil temperature at a depth of 0.5 cm and 5 cm was measured with a thermometer (MF1000, Chino, Tokyo,Japan). The volumetric water content of the soil at a depth of 0-10 cm was measured with an FDR portable sensor (ML2x, Delta-T devices Ltd., Cambridge, UK).
A. Environmental Conditions
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The significance of differences in soil temperature and volumetric soil water content was examined using Scheffe's test. Statistical analysis was conducted using SPSS ver.12.0 (SPSS, Inc., Chicago, IL).
B. Seedlings and Saplings Dynamics
Density of seedlings and saplings was 14.2per100 m2 for plot I and 23.2per100 m2 for plot II. Number of tree species on the canal bank was 12 in plot I and 25 in plot II. These tree species were a part of trees composing the natural forest next these plots (41 tree species, Tuah et al. 2003) . The abundant tree species in the plot I were asam-asam (Ploiarium alternifolium), garunggang (Crato:x:ylum arborescens) and tumih (Combretocarpus rotundatus) ( Table  2 ). These species are native to peat swamp forests in Central Kalimantan (Tuah et al. 2003) , and according to our observation they are usually found on the canal banks around Palangkaraya.
During our two-year investigation in plot I, the following species had newly regenerated:
P. alternifolium (n = 41 individuals/500 rn'), C. arborescens (11), jambu-jambuan (Syzygium sp.; 1), 1 mahang (Macaranga sp.; 1) and (C. rotundatus 2; Table 2 ). Most of the tree species observed in 2000 survived throughout the two years of the investigation (Table 2 ). The mortalities of P. alternifolium, C. arborescens and C. rotundaius were 2, 4 and 6 individuals, respectively, over the two years. The high survivorship of seedlings that regenerated in 2001 was also observed in 2002 ( Table 2) . The annual height increments of the three most abundant species were 189-232 cm y"1 (P. alternifolium), 118-289 cm y'1 (C. arborescens) and 27-255 cm i' (C. rotundatus) (Figure 2 ). The height increment of C. arhorescens was the highest among these three species. Relative growth rate (RGR) in tree height was over 100% when the tree height was less than 1 m, however the RGR decreased with increasing tree height in the three tree species (Figure 2 ).
Value denotes average± S.D. (n=6).
The different letter denotes the significant difference (Scheffe,p < 0.001 ).
The measurements were carried out at 14:00 on 6 October 2000. Soil moisture was presented by volumetric water content estimated by FDR sensor. The environmental conditions on the canal bank were more intensive radiation, higher soil temperature and greater soil moisture deficit than those on the forest floor in a natural forest (Table 1 ). In the top of canal bank (plot I), low tree density and smaller number of tree species than those in the second floor (Plot II) were found ( Table 2 ), implying that the top conditions limited the regeneration of tree species. The results showed that there were no significant differences in the soil temperature and soil moisture conditions (Table 1) , however greater soil moisture deficit should frequently occur during rainless period in the top of canal bank. In numerous cases, intensive radiation, high temperature and drought conditions inhibit seed germination, survivorship and seedling growth (Kozlowski and Pallardy, 1997, Fenner and Thompson 2005) . Here there were three tree species, P. alternifolium, C. arborescens and C. rotundatus, which could abundantly regenerate on the top of canal bank (Table 2) . Thus it can be evaluated that P. alternifolium, C. arborescens and C. rotundatus have tolerance to intensive radiation, higher soil temperature and greater soil moisture deficit in their regeneration stages.
According to Swaine and Whitmore (1988) , tropical tree species may be classified into two distinct groups, pioneer and non-pioneer, based on seed germination and seedling establishment requirements. They suggested that the seeds of pioneer species can germinate only in a sunlit condition such as in canopy gaps, whereas the seeds of non-pioneer species can germinate in canopy shade or in canopy gaps. In higher irradiance conditions, the growth may be strongly inhibited in more shade tolerant non-pioneer (Agyeman et al., 1999) . Several experiments indicated that species with a high potential RGR are less tolerant (Fenner, and Thompson 2005} . The result showed that growth of P. a/ternifolimn, C. arborescens and C. The preliminary finding indicated that P alternifolium, C. arborescens and C. rotundatus were tolerant of intensive radiation, soil drought and high soil temperatures during germination.
The annual height increments were 189-232 cm i' (P. a/ternifolium), 118-289 cm i' (C.
arborescens) and 27-255 cm y"1 ( C. rotundatus); thus, these three species could be classified as fastgrowing with tolerance to open and dry conditions. Such characteristics were important to avoid competition with herbs, ferns, and/ or climbers. The results suggest that P. alternifolium, C. arborescens and C. rotundatus are appropriate for preceding planting for the rehabilitation of the disturbed peat swamp forests of Central K.alimantan. Finally, study on the plantation trial is required to confirm and investigate this preliminary finding.
IV. CONCLUSIO N . . pioneer species.
Since P a/ternifolium, C. arborescens and C. rotunda/us are canopy trees in mature peat swamp forests of Central K.alimantan, if these species are planted over large areas, the risk of ecological and genetic disturbance is much lower, as compared to that posed by exotic tree species. On the other hand, the commercial price of C. rotundatus timber is much lower than that of dipterocarps. However, C. rotundatus timber has traditionally been used by local people for construction of houses. In addition, local people have traditionally used P. a/ternifo/ium and C. arborescens for fuel, because both are fast-growing species that sprout after logging. The planting of P alternifolium, C. arborescens and C. rotundatus may therefore contribute to timber and/ or fuel wood production for local people. These three species provide ecological as well as locally economic advantages if they are planted.
The ability of these species to germinate under open and dry conditions provides an additional advantage, making it possible to sow seeds directly on disturbed lands, rather than planting seedlings grown in a nursery. The preparation, transportation, and planting of seedlings for afforestation are laborious and expensive. Also, it is easy to collect seeds of these species, because their seed production begins from young stages and fluctuates little between years. If direct sowing of their seeds is available for afforestation of the disturbed land, the cost of the afforestation could be reduced considerably.
The composition and abundance of regenerated trees on the canal bank depend on the species composition surrounding the natural forest, their seed supply, and germination ability. In this study, the examination is insufficient for the complete classification of the ecological characteristics of many tree species in Central K.alimantan, however, we found such tree species as P. a/ternifolium, C. arborescens and C. rotundatus that are suitable to preceding planting 1 for afforestation of intensively disturbed peat lands.
rotundatus was greater than that of Shorea species, in approximately 30% full sun (photosynthetically active radiation; Turner, 1989; Turner, 1990) . This result was also found on those species grown under sunlit conditions in a dry-land plantation (Istomo et al., 1999; Soda, 1997) . In addition, according to Shibuya (unpubl. data), the RGR of P a/ternifolium, C. arborescens and C. rotundatus was greater than that of S horea species planted in open area in near our study site. Thus P a/ternifolium, C. arborescens and C. rotundatus could be fast-growing .Jl " " ee
